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Research on the Evolutionary History of Germany's Precision Optics Industry: Technological
Innovation, Industrial Transformation, and Practical Implications
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Abstract: This article mainly analyzes the development process of Germany's precision optics industry over the past
century, taking into account the policy background of "Industry 4.0 Strategy" and "Made in China 2025", and studies the
practical significance of the historical experience of technological innovation and industrial transformation for China's
high-end manufacturing upgrading. The paper starts from the theoretical foundation, establishes various theoretical
models, and addresses the shortcomings in data integration. Analysis shows that the German precision optics industry
holds 37.2% of the global market share and has a research and development intensity of 4.8%. However, financing
difficulties and a lack of high skilled talent have become bottlenecks that restrict the transformation and development of
small and medium-sized enterprises. From the three-dimensional analysis of technological accumulation, institutional
guarantee, and industrial ecological synergy, it can be seen that industry university research collaboration and continuous
R&D investment are the intrinsic driving forces for the rise of the industry, while the industry is also constrained by
external technological competition and supply chain risks. Drawing on Germany's development experience, China
can establish a common technology research and development platform, promote vocational education and enterprise
collaborative training, and assist in the development of the domestic high-end optical industry.
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13]= ™ 1, GEERIBOTRO b £ S SO B SR

11 ARES
EERECE VAT FEERRE, TUET R
S ARUE pEBE Tl 4.0) SRBHEE, A T296E.
B RNy Al AL g, ISR . b
SRR E bl EUE M ROR RIS HISEA S % N
RIEIN, $24 T EFREBALH BEARTE 5K 3L IR

40

&, R e RN A FAIEOR FR PRI A
@ U SikAry, ZEME (hEHIS 2025) , K
e HE R T ., FREEERE O L BT S
TR RRESS , MR Tk E S & R LS
R MNEHF IR RRE, & E L BERAETE
B, oK BUR IR P R A IS R B S



HMEEAENA 3% 58

ISSN: 3060-9461(Print); 3060-9453(Online)

BT,
12HREX

2024 FRIRAEE LT SHIELE 800 {Z37T, FRE
FEHEEERE 2150 (Zu AR, A5 28.7% M43, (15
UiAZ ORESE_EATIE IR, TG 2 5 e v v e M AN P
OB, AR R i & SR
HrEbR R W, FINTEERE 2O MR R 277l A 7
R R IR, T DU e s = AL s N AR
‘A ET R AR, AT S AR R A
IR AR RS R HTF” P, BB AT
W ARRSRAERE LS, VEN SRR B niste e, B
EmHlE SRS R R
1.3 BB

AZPEERE I EA R G, FEREGEL
BREEIR DL I = B L ) 7 T R T . R R Tl
R A FFEEIU B AR AR, ElSaZ=
FAREM, FIEEESS A S R,

PRI BUEENS S L s ot . RHANLAELL
FAT ISR SHTE G, FIETIARIAL R iR Y TR
R BT, SIWTAOTHIZS . P EE =k
YR L HERSBMER . RIEE A AT TIHA L,
PRk RS G NER R, SEHEERAER, DUt
A v S T AR I 57

HT e EE T R AT R RO T, SRR
BRI TGRS — TR TIE, FResieaZso
BEEHOZIR . RS 5T A LS | ABE 22 E 5 ATHIX A 7=
22, SRV, B BT
2 IR IR EA 5 3Bk iT
21 B RE

FEERE AR ST, BEOEETRE LT
SHEEINT T2 XA, Kt ke ms i T
RES), TZARSS TERIT2M. LR EEm S T,
SeAETH R KR EERE NI A T I TR ERR . 17
A& A S il B AR T 25 ) Bt

R RTE, AT B RN LR
AR, BARGIHTRT ARG Aidt X i R 5 B 1 2 pk
P, =LA, REEAT L A i, T4
I REN AR ARG L AT, BRI\ A =
ITTET, ARGV FRE IR H ok . ZHREH]
ERAR, E—B B, BoREIHT . Pl fe i —
HHEMER, LEMREER L E B NS,

A A s A PR O T VA A B S AR
2.2 fHRIB P E A

ARG AES R HIEE CSBA R
1, BRSSO ITHESE, ISR, X
TEENS IR R ITTFE R fE .

MBI AEERRORARE, — N IIEIHTE R,
TRMEIREE DR B TIRS  SE AR . XN Sk Al . FR/s
Bl 1. ED & RRIHUEERIME, L=
TS DR E A . QBT IRRD B e EHEs
e &S 0wy ]| T

MHIEE £ SRS AT, IR T4
HRE R RAES TRBNRESS [ FERY. 5EEN
FRAPRIN . AFRR P AV IRFFEOR . A A BE 3R B,
HOIE T AL & AT AL I HIEE IR . BHE SER BRI 4T
BENE AP L R RAR LR A O NIBSR:, EIRBIHFTIEZII &
KNG EENEE AR LK e b A e, 1IER
REFHRRIAR . PoARFREBCR 5T R A E A
G RIS R . EEP VBRI ARAE, TR
. BEREA BRSNS, HBOR SRR EE
WA

IR MRS B S e TR T 2 AR BT OB AR B
ERN . WEIFEET T2 EaR L, REINT
Figi, ERER T MREDE L FI0FR, KiEERe
0. 0 THI5EB R E R ML A A R H R SERIEEIT
E", AR RN AR S SN RSA RIERZ RS T,
B R SIMNBHIEE (R G 45 A, LR =Lk
AL, DL E=EEEMARR%EET A, ME]
Bk, ISR DR = AR, ERERHEE
L= AR WTE AR 2R
SR 5 E)RE S
3.1 ZRERIR

T RIEENE e & e kR . 2024 18
EE ISR S LR 37.2%, FEHR
A9 X EES S T BRSO EIF TR, 2024 FREE(A
WFRSRET =S 4.8%, B RRTR SHRAY, EH D)5,
JEZNE K AL O Y Y D BHEIRAE 2024 85 15.3%,
WRAEE IR, MAEEE, 5 THEAE 100 ALUFRY
NSRS ERR 62.0%, X NSRS T L
MOIRSREE, ISR TTZE ™,

3.2 FZE [
TP AR R, EER RO T AR R

41



HMEEARENA 3% 548

ISSN: 3060-9461(Print); 3060-9453(Online)

DREINL. MRS R R, AREE ALY, v
WS BB RIRLIR, ML SR SR A = L BTG
g B, BT AFESBREA O, BRI ATIBASE
. MIVBREREREREAL, B¥RIIZ58H, A
T HEEERR = REREE, SRR i F
3.3 AT

TEERE R P AR 2 SE (ORRIRAE T 2 B h
JEo B S EOARERIRLE, KA 7 Tk 4.0 &5
MR 60%, H 38% B/ INHASATE L TFAL A = XU
TR BRI R I0E T RSE, SEERE M pHE 18% 1Y
EARSZH AT EE R, BEE AT T 4.0 HE
Rz FRFRFAN 28% . REIREATATH AR A MEE L 5
RURRI 2B BEREY . SR RS T5 KT 55
T ORI, A TR SR T 15%, JXEPJE
A7 PR R
4 WL 5347
41 FmEZE

FEERHE . LIEAS IR DL R RS E RS
A, A EE RS R SRR S ) = KAz O
o “EUmCERRAUR, SRR . A, FEN
I e E NS

TR R T EARE Sy T EFERTEER
RIS SR AR, BESRIH B R NRER:
AT, BAMA DR RS HI RO, AR
EHARRBE R L RIRE ., KEEH My EEN S,
W T IR N LB PR R 2 i, —4R T IR AL R 1L
BTSRRI TEATT, (REE T 2T BESE A= M it
AR,

R SRS TR A TR R OIS, FEImm T
Jee 2 R U ZE RIS I 9T, A2 PR Re R & R mTaekE s 1
A NFEZ N7 RTINS FOK,, B S TR AR TR A% L
Srefig . SRS R 2 BB TE AN,
MERANCHEHE D, XMZuEEpROES, —5im
SFHEEFIE L RAR R RO TZRE, B—75mEeT
PLRIE R I NBPOEE RO AE 5, R L AR ARR
YRR SR,
4.2 {ERMLE

TR ERE 627 L B R S AR B B IE Y 52 4
#, TR BARE—HERE— SR XE=T
BUille ERARRRE B, MEERA, BHIFEAM 2021 £
(4 9.1 {ZBRTT— & BKEI 2025 1Y 15.0 {ZBRTT, BEaEHR

42

AR ER AR 228 . B THAREE A&, X
BT IR (R WOon 4 HIRE S Tl 2R R TR oK AL
BER R ARAFAE 12.1% & 18.0% HIEAL, XPPHI A 40
TE—i, JRIRAMrERS TR TS R AR T, R
R THAREHI A SEEBARTATIEARTE, AL
PR E] TR S FIE . RS & TR
BEF2 B M 2021 1 35% FasP T+ & 2025 1) 38%, =i
062 B R AR I T 26, X=FIREMAE, ik
FEI AR AR Rl A P4 B R Emt A Es , B EE M
JEDER
4.3 KBAR

EER RO IR RIEE A/ NOINBIE /T 2026
FREESZE I D TR R R T 12 Fh, X Fh
FEISAS AR i U B R 1) T Ml T i O HH AT R
e — HIBFIZERIRL, IR SRS R THT

FEAMBEN FETHE, f01HC R FhIERT.
2025 - SRS I AT R R IR s & e I (R
TR BIERIR 42% R 37%, Al BRI 29%
e o i BLFM 2026 F M EMAME IR ZE 5K 9%,
ESRAEE R SV EAR T 5 T 62% FINEL, (HiXFhE
FEIRF M & I BER L, 1L A R 28 i At
BRRAANE,
5 R EEREITREIN
5.1 HlEMHLEEE

I EERE RO P AR R EIS OB SO, B
R DR, BREERPIMR AL G, GEEHHE
L BEEEA, FEARFEIRR AR RN 24 5EEA]
IR R, BRI ATENLE]. SEER =
TRAPR DURBE LR AR RS, FE RS EAE T, A
PV AR B
5.2 thEGEEKEE

TR R AEERE 3 e =\ A i 09 A W R MR,
FEEE T HESHIR B IR 2 STl I R BE R E R
WA A, FTIE2 5. BT ISR RBLARAL A eh 1k
2, BEFET T2 TR, Mol 2 s
REI S SRR R A B EEK, BPAiiRESIR
HITRHE, REEeME - ELAAFTEY, 7T
AR AS IR, BESLE A IRRERA E | IS E
B — RSO SEPR TRk, FTiE Al — RHFHL
Wy = " =5 R A Rk R

FRERENERRA, RRE=HIMEERAZH



HMEEAENA 3% 58

ISSN: 3060-9461(Print); 3060-9453(Online)

WA, SERES5 A ERedR, 2504
ThL SRR BIOSE S H RN . X PR E (RS
ML, WERES A R/ M AR B (T TR B S
3, R R B ) AR Rl DU
FlLTRE DA RIBRIE TIT st . SO T 245, fELHE S
RS s AR AL JRIFCRWT A P B e
%, xR EMSEhTFREDNESEHEARAL, A
BB R U AT R .
5.3 LHEfRFEFETE
AR ARG AR D, Tt SR BT HESE
HTEIAIRE ., BORBOREM, BOEFELRERIR 12
T, HIERREELARRE 98.0%, *NWGEIGIEEIN 3 A, K
B IREEIHAREITE 12 H, R T HOREGE SBCRIEN
R, EPRIMES T, BEPFAINE S 42%, BINEIR
Feplik 68%, (AEH A MIERRATERE o
AP, FEEHIE S 5 T, FEHFEA
bt 38%, GIFTASEERIT; OIS
72%, PEAFEEEREA S 28 K, (LRGERDM: B E IR, T
YiEhohE b, mEmh BT 65%, B A JE ERgE
£ 18/ Ho BIZERAEEN, ARG AR,
sl ST RS
6 FEERE
6.1 HRLLIL
HEENERICF IR IR THARGER . S SELS
Ao 2024 APPSR ARA SRR 8%, SHsGliE
10%, U THEARREEY . BOTHHEFR R T24%0%, &
Hr 4.5 JROT, HIEEEREE T AN, oy EERSE
BT 500 NTH, 238 3.5 (ZB0r, AAthRInE T
b, XEGHRRANTIE SRS AU TR
TR,
62 A EERE
ARSI o G, SRR T B X JEEIN
(L EA, FREAESROEGEE—TRIR, hIbEE
orbredie, HiE VOEh S EEN 2R, [FETT R
RERPIFST, AILAE—BHRTENT IR, HORERDL N+
HEE SN OF LA TR . LA TESRBIAAA TR
IS A L A FHIEE = RSB G, RIS E
PRI A, REWSIE— 20 52 I MBI O HTHESE,
AR TEREE .. SR, FENSXIEEG,
W RENS A EANSIE S RSN . Z25EBR 5 T
G, ROSEINEE . ZHENEIERSS,

SE

(1] FHER]. W HER R BRIV 5], &4t
B ML, 2025,54(11):139—141.

[2] 2T EESRE™ L RIS E S B r— S
MR, Satr B SR EEEN S AD). RiihE,
2025(10):30—-37.

(3] KRk, KRz, T ERHTH DUV EZWER
BORE AR PEEHSEH], 2025,22(81):62-70.

[4] RN, BHEERFT EAERE: RELEHELER
1. WHSETREE, 2025,10(4):115—130+140

(5] B S SR AEBE ST 2 Mioks & il R O R
DL RHE RS R, 2025,15(10):193-196.

[6] AR, N it S S FRAL A8 B AT T
RD]. KILRF, 2025

(7] sk, SRR, EEE BRI —HR
EHEEGAN T FEEGT, 2024,39(4):4-28+138.

[8] F ¥, fEEEE: Tl & e KB R, 1a4E
BSTI, 2024,61(4):61-64+21.

[9] &XIL, BRRL, ZBEH. BLAL AR 2 R RHL Gl
5 s g RS . 2B — RO Z 2% ER)]
rhERFEEEBE T, 2024,39(7):1141-1152.DO1:10.16418/

j.issn. 1000—-3045.20240521003.

[10] G ZE. 2 TR BT 5 77 L A2 12 T
R AFTIESEEE, 2024(6):171-174

[11] 275, PR ARSI R 5N E——DITR 25
PR GBI, S HERE, 2024(6):42-50.

[12] FJEAK. (R AR SO B TR 5 A B A S A T 5
FSED]. IARKRY:, 2024,

(13] B IIPHERETA . s, BRiEFIE
BA[J]. Z550M, 2024(5):110—112

(14] A#EE S FTHERORAEEE ST 2 Mok & & A RZ
FAD). PEFREGE, 2024(2):102-103.

[15] 22, AR A TPl s A It A LI 7]
PEREE, 2024(1):70-73.

[16] WEFFS, (TR RHLCEHTHESD ™ L& e s Ar it
FEAN S e —— 2L TR 2= BIRF 5). rEss3T,
2023(Z1):108—114.

[17] KA, 188 Mot t——Adlershof]].
BOL S T2EE R, 2008(10):76—77.

eI BRI (2007-) , o, DU, Hd0EERE
N, &, A, R5IR: MEEEIE S 2.

43



	德国精密光学产业演进历史研究：技术创新、产业转型与现实启示

